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XI] -7- J=- it| -g-oj 7] ^^-^^-^ {Manufacturing process of cathodes materials of 
lithium second battery, the reactor used therein and cathodes materials of 
lithium second battery manufactured thereby} 

^2^- (a)4^HU°ll^ *\}^^\ ° c f^-#^-^^ FE-SEM (GOO^H) A r ^l (b) «1 jH^] lo^ 
^ ° 0 ^#^-^|^ FE-SEM (600ufl) A>^1 

£3^ (a)^AlolllollvH ^^"#^-^1^1 FE-SEM (5000«fl ) (b)4J^Hl2<>11 

>H ^l^^l °cF^#§^^ FE-SEM (5000Bfl) ( c ) ^ A] ofl36fl A\ 7.]}^^\ c i}^^^^ 9 ) 

FE-SEM (5000Bfl)A>^l 

S4^r 4J^HU, ^Ul°fl2. 4JA1 0^13011^ oj^-ffl--.^^ ( a ) ^ ^ ^ 
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^AlolllOoflXl A)l^ o?^-#^-^ (a) (b) #« c >^ *1" 0 1 

^8^- ^Alollllofl^ ^l^s] ^^-a-^-^-el FE-SEMAl-^1 (a) 600Bfl (b) lOOOOBfl 
^9^- oflloflA-1 AH^s] of^-f^^S] dQ/dV ^- -y 

5il0a-^fr Ni K _ edge edge XANES spectra S-lOb-^- Mn K _ edge edge XANES spectra 
jllOc-^ Co K~edge edge XANES spectra 

*\o\\ tz\^ , ^rfl^ , ic^-^PC^ol #^^>o^ ^-«-A] >\^}JL . 

(hybrid) ^7] A^^-g- ^-^^ofl £1^-7} D] ^ . ^ ^<H|>H #^ol 

^ Si^K ^*fl ^l^^r ^\^o]SLo}^\7^7,}^ <$^o\] LiCo0 2 #, ^°\] 

Ih£# *!*fl ^ti^Jl ° c f^^S^^ LiNi0 2 , LiNii_ x 

CoJ) 2 1} LiMn 2 0 4 # # ^ Xm. LiCoOo-^- °_r^ ^ °-^*> ^ a}^^a] , ^ 
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S S-^^lJ. LiMn 2 0 4 i- ol^-g-^ol 148mAh/g ^S.^ 1} 

^ %>ol 7^7} 2.x}^ ?>^- LiCoOo^-f LiNiOo^l B] crfl tj} . o>-ig 

^ (Jahn-Teller effect) Tffl^-oH ^>o]^- m>£ o] o>rq- . m^j . 55°C ol#°fl>H 

^flSl-oH ^efl <$^-?\ X\*g5]o] %r\. LiCo0 2 if ^ ^-^1- ^ LiNi0 2 

^ ^Sj-^ olofl -g-^o] ^-7^1 "?>^1> ^-^> o>Met oV^^ofl ^-^]7> Sit>| a> 

<12> LiNi0 2 ^l ^^g^^S °>^! ?1 ?1 tH^A Ni A>o]e^ ( U^f# CoM- Al. Ti. Mn 

7.1 S}-^^ #«>3 s-^uf 1^ °>^# ^MMl?] -g-T^fH Siut. oj^ 

Ni A>ol ^ <A[ «-|| Mn ii^. 7,] S}f> Li-Ni-MnTfl ^-^<i>5|§ol u} Mn ^ Coj^. %\ 
Li-Ni-Mn-Co7ll *\]3l<>\] ^1^^ ^ A 3X^\ . °llfr ^1 

^-^-^1 7il 5264201^ofl M *fl (N i ) 3}- * 0 >7J ( Mn ) 2) ^^_>S]-^- ^S^^ ^}^^1 ^#3} 

7>°1 ^>5]-^- #&]Sls} 4- °1 iM^ll! ^-g-^g-oll A] TjoV 7jJ£ 4: ^-Al^l-Ol 

Li x Ni 2-x-y Mn y°2 (0.8<x<1.0. y<0.2)# ^ ^ ^ °1 ^^^^ Si 
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tt. S Dl^--^-^ ^115626635011^. Li-Mn-Ni-0 ^^°\] tfl*> 7l#ol, ^6040090 
^3} %\5L^(y\ 5g 8-213015^^1^- Li-Mn-Ni-Co-0 7l^°l ^ Si^t. S 

^-^^ 8-171910^1^ ^^^J- M€-°l ^r# OJ Hl ^"^-Sl -§-<^# $t>cy}^ ^> 

^ -§-^1^ °1 ^ ^^>S1-Sl## ^ 4^>°1 LiNi x M ni _ x 0 2 

(0.7 < x< 0.95) ^ °J : ^-#§^# *H^}^- ^ ol ^lo>SlJZ Si^t. 31^-ofl^- ^S.^-^ 
2000-227858^011^- LiNi0 2 ^4 LiMn0 2 oll ?]ol^~^r# ^f-g- *1 7tiM°l ^ L] a] 

2} ^ ^y^llHl^ ^-^Ml ^-^>ai^ jz-g-^11- *>#<H ^11 L J -1 

<13> U-l^-o] Z] ^-ofl^. oJS. S-Jg 2003-238165, ^-^2003-203633, -^-^g 2003 -242976 A , 

-^- 5 g2003-197256A, 2003-86182 . ^-^2003-68299 ^ ^-^g 2003-59490ofl ^- 

^ ^# "J-^l ^ ^-S-^oll -i-sfl t> ^. -§-^# § 

^Hl ?H1 ^^ilM- #1H3 5*1*1 ^r^-sl-^-oiq- a> 

o] ^^p-^l# ^-t_l^el#^ s.^ * i A ^loi #« 0 >^1 7^ °_> 
^ ^ oi *HJ-=i 0 o^«-#^ ^l^oii ^1 w°l ^g-*l=l<>l 5U^. 

jin 2 -^ ol# oH ^ O o^¥^-^°1 0 J^?Hi ^ta v o>i- ^ 

*fl^ °cf# #ol J=- ^lofl ojofl o o >^-S-§^^# #7l-Xl^l^- oj^-m^-^l X} 7^ 
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2003-86182, S-^g 2003-68299 ^ ^-^g 2003-59490^1 ^- n 2 -^ °J ^>L>2} U 

m, S^H, i^*m -§-^sq°l 2^oj^l- ^ 

17^ A Alojofl >y-^^l Ul#ol ^rol- BH ^^7}. «1 *fl ^ o| ^ 

<15> 3]^. Jl-g-^ 7^=^. z>^ y>j7 01 j=. LiNi 1 _ x Co x 0 2 (X>0.7)^- -?-^*> #^^1 ^ 

^1} 180 mAh/g ol at- j7-§-^ iolM-, Ni 3+ M- Ni 4+ ^1 #°_>^!^iL^. 

<16> ^ LiCo0 2 rfl^l 7fl 7^> n^^^r 13 ^^1" ^ *flS^ M^-^J 

Tj-IZ} q a]-^^^-^|-Tjol ZjZj 1:1^ ^* v ^ Li [Ni 1/2 Mn 1/2 ]0 2 ^ 

Li[Ni 1/3 Co 1/3 Mn 1/3 ]0 2 # ^ 5U^. o] 7fl=#^ LiCo0 2 oll «] ufl *| 7}^ . Jl-g-^, 

-T-^r*> °_>^ ^ ^# L+^i^. ol 7fl=#^ LiCoOnOll UloU ^ 

^Rl^S^. olofl j^^:^ ^£-^oj <i°>* r ^, ^ ^ oinfl -g-^ol ^ 

#<H|S Wr^o\jL oflu|*j ^S.7> ^=>&S]*1 S>^-q-. ^ Li[Ni 1/2 Mn 1/2 ]0 2 °l ^ 

-f ^7}3^£7} o]-^ ^+o> ^-g-S}^l-7lofl^- o|^^-ol oiu| (j of p ower Sources, 
112(2002) 41-48). -^-tt| o] 7fl^H# 3 7,]-=r 7-.}~g- ^>o] «.Sl ^ (hybrid) A} 
-§-^}7Hl^- J7#^ ^->g °1 LiCo0 2 M- LiMn 2 0 4 o11 B] cfl ^ol^u^ 
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<l?> Li [Ni 1/2 Mn 1/2 ]0 2 ^- Li [Ni 1/3 Co 1/3 Mn 1 / 3 ]0 2 ^ <U °J 7)1 ^^.^i- ^-g-°-^ 

Bfl°l ^Ji, o] ^tJ", 4:^*1"^- u o Vi ^ o i^-. #^<y 

^-7fl 2002 -201 028 ofi^- #fM£ ^3 ^ °ll ^ #^ °| «_>-§- 7 1# AV-g-^ -£.o1 . olufl a§ 

v\^]^\*\7}o\}M #^*> PCT WO 02/078105A1-21 ^ ^-^*> ^ 7^# ^7l ^ efl ^ 
ol-g-*> w>^-7l# 711 °Jt>\jl SUfi^L °1 ^ ^^1 C H^ 

(scale-up) Al ^2}^^°1 oj-^ ^ ^. 7 \a]^o]: o\?} U$^o\} , B]^o\] ^-7)1 7} 
7>^o] ^-ul 4.7^ ol*> ^-^^P.^ ojcrfl -g-^oll ^-7)1 7> Ol^f ThiL ~. 

XI ^ # oil ^ o>7l ^ofl ^Sflofl^ J7^ SlTsloll o|*> ^ ol^^ # 4fS.o^ ^ ol 

^-8-=]^ sm. a&m- *i-§- s?# ^ *h§-?i ^^^.-^ Jl^r 

°]ofl ^ ^^7> I! »1 71 711 
[M^o] Ol - J7 74 ^ 71 14X1] 
<18> 4>7l -g-Tll ^ # oH ^ o>7l ^ofl. M€ , "J^L €^ 

# XI ^ o}JL , 7,}^r% #oH ^ ^S.7> %>4>^ JZ-g-^ °o > ^M€# Xl^o> 
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<19> 7}^S] «}-§-7l ^JL, ^?\} C U C S ^HlS 1*1 S]- & 

°1 ^-i-^ t Si^- «hg-?i €X|# XI oj-tm . 

<20> ^f_>, ^^SL A> 7 | Hj-g-7l# A}-g-*> Xl?]^^. 17-.} ^, S.°<J 

^ 3.7} m ^^.f>\BS.#\ , ^^.^S.?} ^^\3L. 7,} ™ f_> ^ ^# ^ 

, #*1 S^-o] ^JL #£fl^! JZ-g-^, J2°}^ O o^##^# Xl^i* 

Si XI w-. 

<22> A>7l ^# ^H^Pl ^^C^, S. fig^ ^#01^7.1 ° 0 >^-#M Ll 1+8 [Nl x 

Mn x-y/2 Co l-2x-z M y N z]°2-a P a Li l+8 f N ix Mn x+y C °l-2 (x+y) M y 1 °2-a P a (M = Mg , Zn , Ca . 

Sr. Cu. Zr. N = Fe . Al . Ga. In, Cr . Ge . Sn . P = F. S. -1/10< 6 <1/10. 0<x<l. 
0<y<l/10. 0<z<l/10. 0<a<0.3)°] Xl^'tJ-^ofl °io-|^, *!^-X| . o>S.M oj-^r 

<23> s. <U ^Hl^, J c\7\ ^ 2# ol a>£^ ^r^# itm^r 

-§-°X# A^-g-o^ ^# ^Jj°^. ol^ ^#ol^^^l Xl^i^# 
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<25> S. ?J ^AHl^, a>71 ^ ^n^l^l ^>7l *}^r7]6\]*\2] ^l^^l?Jol 

5-10A17JO] ,3^- S-^ ^}^. ^#01^^71 ° 0 ^##^ XI 

<26> M^^- ^ 4^HlS, a> 7 ] ^71^ -§-<^£- P H 11.0 11.57} ^1^^ ^ 

0>i- ^# ^8.°^. Si #ol^^^l ° 0 ^#^-^ *H^^# 7^1-g-*>U+. 

<27> a. <u ^ ^ 0^1 ^. , >y-7i ei#^-^^-t]->y-si-^-# ^ ^-741 oil m ^ n °1 ^ Xl 

^ n^tl, ^41, ^-Sl^- t!, ^1^^># ^# cj>^r ^#^1 

7> ^ 71 ^##1] 7fl^w 0 >^# 711 ^-*}U}. 

<28> S. ^>SL r}^ ^Hl^, ^l^-Ol^^7l ° c >^-#^-il 711 J£ Oil ^-3-71011 

SX°\M. S]^^7fl7l- ^7fl-^/^^ ^Ml^Jl, flfl# (baffle) Ol o] ^ =] ^-^o] 

<29> S. Mj-ig o. ^ ^AH1^ = 4>7l 37fl o] 3^ ^-^lo.^. 7l# 7^11-g- 

<30> 1^ °. 41 Al Oil S . ^71 Si #Ol 71 ° 0 ^»#^ 7ll^W>^ii^ *H ^ 

Sl#°l7^7l 711 ^-tM. 

<31> M. Mi^^- oj AjAHl^, 1^017^ °J^Ol 0.1~2/mO1J7, 2^7^°] ^g^^^Ol 

10w°]v\. o>o| yy^ Sl#o] x^7l ° 0 >^#§^# 7ll^-t>t+. 

<32> S. °J 4| Al ol] ^- . 41^71-^- 2.0, ^c}^} 41^1 71-^- 4.0, 4>S}7> 

3.09J 3J# -^ii^ f>}^ el# °o^#§^# 7il^-*>ut. 
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-^ojTiM-, LiNi 1 _ x _ y Co x M y 0 2 P z (M = Al . Mg . Zr. Ti . P = F. S. X<0.1. 0<y<0.1, 0 
<z<0.1)^ S^S]^- ^-^^.^ S15 0 1^}^^1 ° 0 ^#^-^# 

<37> ^ o, o^ #M o. o^njM Lii+g [Ni x Mn x _ y/2 C 0l _ 2x _ z M y N z ]0 2 _ a P a 

Li^+g [N i x Mn x+y Co ^_ 2 ( x+y ) M y ] 0 2 _ a P a (M = Mg , Zn , Ca, Sr , Cu, Zr, N = Fe , Al , Ga, 
In, Cr. Ge. Sn . P = F. S. -1/10< 6 <1/10. 0<x<l. 0<y<l/10. 0<z<l/10. 

8(a) m (b)o\]A\ a-o]%> ^ S*i}. ojnfl. ±7^7.}^ *g ^ ^ l^ojjz, 2^7^ 
^^-^^ol 10/m°1 3J# ^-^^.^ t>t+. lT^T.}^ c?!-^- 3H1 o]^ 

# ^ oil ^]ofl ^#^-*J-^>^#°l ^olJZ 3^^t 3 

<38> o^#^-^l Li 1+8 [Ni x Mn x _ y/2 C 0l _ 2x _ z M y N z ]0 2 _ a P a S^- 

Li 1+S [Ni x Mn x+y C Ol _ 2(x+y) M y ]0 2 _ a P a o11^ Ni^ ^SHr^- 27\ . Un°] -tfsM^ 47> . Co°] 
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^5}^^ 37h ^lf^^-^o] M^- 27} 2} N^r 37}°} ^-^3 Ji^. fit}. ^1 . Mn^ # 

S}^7]- 47}°} 7}^ ^^^I^IU #43^^ LiMn0 2 °fl>H Mn^ 37} 47} ^S]-/^^ 

-§-6(| S\ ofl o}7] =J o>-^fr| szi} ^z.^^o]§ «>xl ^> ^ oio^ #h>^ a] o>^ 5f# 

<39> ° 0 >^-##^^ ^l^oH^r ^7.}7} J2°}*> W_>-g-7ll- O ] J§- <j} ^ u} . A> 

?] ^%y\^Er ^^^7117} C A ^7fl ^1^.^. ^ Tfl 5] JZ , 37fl °1 ufl # (baf f 1 e) o] ufl ^ IZ} 
2~3 cm ol^sj <^ W}7fl^l ^711^- ^ta v # 3JolJZ, «Hr7l£] 

ifl*|o(| y d *1 % «ti# (baffle) # vfl^^} oj^Al?!^- ^SL ^^2] M}7}2} ^^o} 
^ . (turbulent) S^t H>-g-oJ1^| 7,] ^ ^ 5fl^*}7l ^ 

^J 0 !^. ^>-§-7l °] A}a1^o]tz}. 

<40> S. MJ-^S] h>-§-71# ol J§-^> ^ o. p 7]^^ «_>-§- 7] # A}-g-«> ^.U} ^oi ^l ^ 

H^^r 1.95g/caf. ^-^1 2 . ls/cnM . j^u} ^ 2.4g/cnfolu} 

<41> ^*>, *r ^ Oil ^ ° C >^#^-^J 7il^H>^ji 7]^^ ^-^-g- ofl ofl o>n.qo}^# U} 

^ 41 €r ^ ^ 7 ^ A )?}^ ^ta 1 " 1 ^ (Ammonia complex method) 2% o]s$ 

^ ^-^r ^-§- OJ 1 . -g- 0 -^, NaOH ^-g-°-3# *>-§-?Hl ^^^^.^^1, 

^7] >y-S}# w>7,l?)l-c^ ^t;}^ ^-^^2} ^-^r^!^:# 0 l ^iJ^Ml |]3 
SU^f- «_>-§- -^-flofi ^#3z}# 7}t>}cj] IvY^n^ ^# ^ Al7l^. 

n U A t> n o V ?J, ^^>2f## ^Sm. 4>>7l ^ ^r#°^ 2M ufl^l 

3M ^^.°\ 5}# A}-g-t,}jl, °>SMo^ -§-°-^ ^-^r ^-g-^ ^r^^ 0.2 U\7] 0.3 o] a> 
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t -g- OJ ^ ^-g- 0 -^ 0.2 Lfl^l 0.3j°S oj-i- ^ ^ofe 

o> S u|o^ -g-ofl NaOH ^-g-^ y>-g-7i^i ^^-sm. ^-g-°-^# 

Ofl^ #^>-g-# Ol-g-oh^ 2%4l O] A> # S-A] Oil ^ A] 7^ ^ ^^>S]-## ^ 
o}^_ ^\%y]7\ ^^Bflofl S.^f> ^ «h§-7l ^>^hi ^tH#^ 3X}ol^ 

(overflow pipe) # -§-ofl Bfl^H]^- -^tHr^>3l-§# £1^.°^ ^ §M - ^1 ^ 

^1 ^ A l?J-g- 6A|^J ^^TT}^JilT| . pH^- 11.0 Lfl^l 11.5^. ^>-g-7l°l -g-S.^- 50°C 

o|^7l ^-t s 1 -^r^>S]-## #^f^r^ ^ <*\3}f>\3. 110TJ , 15^1 7_> 

<i^^l-c^ Al-g-^l-TlM- 450°C, 5^1 7} ^^|el^l-ol ^^-^1^ A>-§-^^C+. ^ *1 ^1^1 

^^O] ^-O^^O] ^t, 1 "^ T-g- OJ Hl ^^IS ^ta V ^ ^l^i O^i- 

^#^S^M , ^#Ol ^n 2 '^l# 1000°COll^ 10A]7J -^Al^CPj ^^-^-^VXJ-s}^- 

<43> 7} 7,] ^ ^#^-^-^>^§# ^^-2.^. ^l^^^ A}-g-U- ^ S^n}, 
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S^^HW^- B^l ^5-^^^- A°] ^^^^ 90%ol^l-ol ^Joj U>^-^i?)>r+. ^ ^]#^- 
°P> ^^f^- S^^> ^o>^lJl AH ^^-iiS ^-T-^} ^>7>^1 

s$o] ^f>}5\5L ^ M.3}n ?$o\X\t\. ^7] ^^^^^^ B°] ^^-^ ^o] 

§ b^- i^°j-^7} zyYSAm m^^i «m^o>i^. 

o}7\ ^o\7\5L. ol^^rq- ^-f^r A^ Hl^oj * o] ^ a 

<44> ^^^^^^^ B# ^#^-ta V ^>^W A^f Ol^-o^ ^Ji^ ^-g-o^ X\7,\Z\^.^0] 

^ol^M", JZ-g-^# ^H^tf" ^^S^o] -Y-^fV LiCo0 2 # 

^ LiNi 1 _ x _ y Co x M y 0 2 P z (M - Al . Mg . Zr, Ti . P = F. S. X<0.1, 0<y<0.1, 0 

<z<0.1)# ^#^-^5}^- B^ Aj-g-^ ^-f , <4^ °>^°1 -f ^-g-^^^l 
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# xi # m t si^- 5J°m. 

<45> Mj-^ofl ^}^H1 Al-g-^ ^ 01^- ^sfl^^^- ofl-^tfls (ester) . 

(ethylene carbornate) (EC) , ^hS-^olH 
(propylene carbonate) (PC) . ^fl!^!] ?l"^.'Ml °1 H (butyl ene carbonate) (BC) ^ Ul^^l! 
?>^.LilolH (carbonate) (VC) ?>^.Ml°lH (carbonate) , l^Hll! ?KS.l4l 0 lH 

(dimethyl carbonate) (DMC) , T^ofl^ ?KS.l4| °1 H (di ethyl carbonate) (DEC), nlll! 
?>iMlolH (ethyl methyl carbonate) (EMC) ^ ^1 S (DPC) °1 Hi S>A> 

iMlolH (carbonate) . ifr^> ^IH (methyl) IMF) . ^^ll! (MA) . H^.^^^ ^lH 
(methyl) (MP) ^ H^.3l|-&^> °llii (ethyl) 7] ^-l^r ?r = £-# °fl ^} = (ester) . 

H^. (lactone) (GBL) ^ SJ->£ ?} = ^-^> <H) ^Efl s ( es ter) # ^ SJ-£ 

?>5.l41olH (carbonate) EC, PC, VC t=-o] S-ig^j H}%»-^1 cjlc} . ^ ^.S-Ofl ir]-5]- 

7}*}^ 7l- = S.A> oil ^ El] = (ester) # 20%o] ^J-°] ^^\o\\M ^^\^ 3 S. «r^^l *M - 
<46> ol^f> -g-uflofl -g-gfl^]-^. LiC10 4 , LiBF 4 ,LiPF 6 , LiAlCl 4 , LiSbF 6 

, LiSCN, LiCF 3 S0 3 , LiCF 3 C0 2 , Li (CF 3 SO 2 ) 2 . Li AsFg , LiN (CF 3 S0 2 ) 2 , LiB 10 Cl 10 
, LiBOB (Lithium Bi s (oxal ato) borate) , 7^ ^ 7] ?V^S.A> S]|§- (Li thium) , 

Sl#(chloro borane Lithium), A Si] ^ # (Li thium) , LiN (CF 3 S0 2 ) (C 2 F 5 

S0 2 ) , LiN(CF 3 S0 2 ) 2 , LiN (C 2 F 5 S0 2 ) 2 , LiN (CF 3 S0 2 ) (C 4 F 9 S0 2 ) o] u] h (imi de) ^ ^=-# 

# t Si^r. °13J#^- ^r-§-^>^ 3 °ti OJ l ^1 ^ ^^.^ ^^r ^- S^t# 

LiPF 6 # Sf]-Al?l^- 5Jol ^uL u>^-^ie>r4. ^ ^Sfl °* # #£1^.2.^. f>\7] ^Sfl 
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##5} ^s]- oil ^ 5fl (ethylene) . °] o] Sl^h^ ^# ^ o]\ o\] ^ 

<47> ^ ^^fJ\ ^o] jizft ^ Sfl 1 ^ ol^g-iJ- ^ oiu}. -r-^l ^fl^Hl^-, 

Li 4 Si0 4 , Li 4 Si0 4 -Lil-LiOH, xLi 3 P0 4 " (1-x) Li 4 Si0 4 , Li 2 SiS 3 , Li 3 P0 4 -Li 2 S-SiS 2 , % 
n °A ^ol -irS^Kt. ^1 JZ^l^eHU^^- ^^oll^a] ^-A>ol^ 5 f2l£^l 

^1 ^-^o]^, (polyvinyl alcohol), #^1 ^1^^^! 

(vinyl idene) . f^i= H^-^^O (Fluoro propylene) ^o] o] ^ -^Ji^ll , $-^lr , 
^*fl ^ (polymer) 7fl=7> ^-SoVc+. 

<48> a]} ^ ^1 o] t| ^- q-g-^ #s]ofl^aizzf tj-^ #s]ofl^a]7ll ^^-irS^^ll^Ml #^ 

tM. 

<49> ^^o\] -M-§-=]^- ^-^fl^^^-, (Lithium) . (Lithium)*^. t, 1 "^ . 

- i^VTgcq -g-^ ^A>Xl?l^l °>£- ^ ^fH Oil ^ ^t^Al^lJl ol-g-^V ^ Si^- 

(Lithium) t^^^H^-, Li-A1T41 , Li-Al-Mn7fl , Li-Al-Mg741 tJ^ , 

Li-Al-Sn741 tJ"^- , Li-Al-In741 , Li-Al-Cd741 , Li-Al-TeTfl tJ"^- , Li-Ga741 ^ 

. Li-Cd7ll t>^-, Li-InTfl tJ"^- . Li-PM| Li-Bi^l t>^- Li-MgTfl 

3} ^ (tin) 51 ^# # ^ SUJZ, M€ (nickel)^ y> 

e^u]-!}. H^:^ 1 7fl , 3.3.^1 (coke) , Ej-^ f , S^, o]^ ^ 

<£! , nfl^ ^r^-^l-ol^^ U]3 (carbon micro beads), ^^S]- nll^i 2|1 o] 3 (phase) ^ ^j 2 - 
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*fl. y\ J c\ ^ fh£. -fr^ ^ W. ^^{#^1 o>3^^ M Hli (poly 
acrylonitrile) Til . (pitch) ^1 , (eel lul ose) Tfl . 7} ^ ^ ^> fh£?fl } . -f 

<50> Ol ^ , ||a| ^^^.Xl U> , O]^ Aj A] 0\] ^ £L T|j-T±j 

<51> A] A] O^l 1 

<52> «h§-7l 4L, S] ^S^^l #^ 80WO] >£) ol] ^^f^r 4L# ^ 

SMBl! -g-°-^# ^7^^ P H# 11.0.2.^. ^ H^7^# «>~§-7Hl 

tH#^^M -g-^A>^# A]]7]t>\33^. 50°CS -TT-T-jAl^l^Al 

lOOOrpm^^ ji^BM- %^> T o > ^> , ^ %^>^^H 1:1:1^ ^ta V ^ 

3M ^-^^ ^-g-<^# 0.5L/hr^, 0.9M ^5.2] <ysM °> -§-^# 0.35L/hr^ «]-§- 

7 joll -f-^J o}Sjq-. 5M ^^>S]-M-H# P H ^ 

tfl. ^oH^i pHofl n^a,^. -g-^lSm. °}^\ PH^- 11. ^^PH^-. -§-°-^ 

iith|#^^ol^ (overflow pipe) # M ^a^^^^H ^-^"^^>S]-## ^ 

^_3X^\ . llOtJoll^ 15A17J >|^Al7lJZ _x}<3 . 

<53> ^>S]^# 43.2g^ ^-"3^ 4.75g# #^^oll ^-o] %<>^o\\ J£ 7 ] u| ^ 

b o V7J^h_v_e ^A>3}§ 95g# ^tJ"t> ^ , ^1 7.1 # A\ 80°C^ -fr^l A] ?1 
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^.M #^^r# XlXSS 1 ^-. ^ta V lr# 2°c/min ^-^^ 7j- ( if> ^ 450-500 °C 

^=1^, 70(TC°fl>H 10Al^> o^iJ^Al^ °o>^-#§^ Li[Ni 1/3 Mn 1/3 
Co 1/3 ]0 2 # <*Sm. 

<54> ^2 (a) ^- ^^-#^--1] ^•^■21 FE-SEMAl-^1 oli^. ^^-^ ^^l^if ^ 17,}^ 

*}^\ ^^-'iJ^ol 2^1-^^1-°1 ^l^-oj^ol 10/m, BET HlS^^^r 0.5iri/g 53^^ , 

3 <X^r ^*>, ^-^^ ^ ^S.^- 2.0-2.3g/crf ol^tt. 5. 

2(b)^ ulil^ll a\t\ 174 H] nfl, ^Aloili^ oj^-a-^-^ol n 2 -^^^ ^ Sm. 

<55> Xl^^ of^-ffl-^-^] 174 S.^7fl^. <Xxil!^!I#^ f H fj-xi^.^- 

^ol^(PVdF)!- 80: 10: 10 °1 ^-^B] ^ ^^t>\^ Xl^^^t}. #&|^|| 

20/m ^1^1 ^^-nl^-H>o11 ^<Qti\?]] S.Ji^JZ, 120 "C ofl ^ <J^j-o} o«# Xl^ 

^SW- Xl^ 0 <J^-3h >g-tfl ^S-S. , #^o11^ai^> {^7\ 

25 <g<H]#j X). Celgard 2300, : 25/iin) # >H]5i| Sfl o] ^ Jl . oH^a] ^il^o] 

^Hll} j>\^\1]o}^7\ ^ B] ^ 1:1^ -§-ufl<H| LiPF 6 7l- 1M ^-^^ ^-<X 01 

^XS Xl^l"SM. Xl^:=l ^.o] <H XS ^r^^l(Toyo System, Toscat 

3100U)# M^r^\ CT \ 2.8-4.3V <g^ofl>H 3^" A jt ^^tS^. 

<56> ^] A] afl 2 

<57> %>L>M€, %^_> T o > ^>, ^ %^_>^^H ^rV}7\ 1:1:1^ xf^] 3M ^-^^ ^-^-^-g- 

°A tflAlofl %^>M^, %^> n c3"^>, ^^^^H ^ %^>^>aLll^^ #Up> 1:0.98:1:0.04 
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§^ ^-m- Li[Ni 1 / 3 Mn 1/ 3_o.o2Coi/3Mgo.04]0 2 # ^ *\ 31 ^1^*1" 
SM. S3 (b) ^- ^^-^ of^-SJ-^-^] ^r^S] FE-SEM A>^lolc+. 
<58> AJ A] ofl 3 

<59> € , %^_> T y"^>, ^ %^_>^^H ^1 A> 1:1: 1 jg. ^ta v ^ 3M ^^.S] ^-^r^-§- 

^ tfl-Alofl %^>M^, %^^^h ^^J^^H ^ i^-^}^ irtlp} 1:1:0.96:0.04^ ^ 

Li[Ni 1/ 3Mn 1/3 Co 1 /3_o.o4Bo.04]02# ^ ^1" Jl *>^^1# aH^}^e+. 

3(c)^- ^r^-^I c i}^r^^ y 4 ^r^S] FE-SEM AH °1 - 
<eo> A] a] ofl 4 

<61> %>L>M€, %^_> T o > ^>, ^ %^_>^^H ^rV}7\ 1:1: 1 jg. ^ta V2 ^ 3M ^^.S] ^-^-^-g- 

ofl tflAiofl f^qila} %^ o >^>cq 1:1^ ^-#^-8-°-^# A>-g-fl *fl 

^ o}jl-^ *J A] ofl s-^*> « 0 >^^ ^ Li[Ni 1/2 Mn 1/2 ]0 2 # o\JL 

<62> AJ X\ ofl 5 

<63> slA>q a| slA>nl^> ^ slA^m^ 1 : 1 : 1^ ^ta V ^ 3M ^S.^ ^-^-^-g- 

ofl uflAloll %A>q ^H^, ?J ^H^^H^ ^Pl" 2:2:1^ ^^r^-g- 0 ^ 

<64> Bljao^ll 
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<65> I7fl7> «_>-g-7l ifl^ofl #0^01^- «_>-g-7l# Al-g-*> ^# ^l^l^Jl^- ofl 1 

3} ^^-S ° c ^*^-^ Li[Ni 1 /3Mn 1/ 3Co 1/3 ]0 2 # o} Jl ^o]^°l «_> 

<ee> ^Al^i Lfl^l 5o\\M ^l^^l C ^^##H ^-^^ «1 oil l°fl ^ ^11^^ O o^^#-H 

<67> [Sl 1] 





—1— o — 1 




3 ^ ^ 
(g/cnf) 


■J Lll O 1 1 Q O 

(mAh/g) 


lxf^xf 




^ ^1 oil 1 


Li [Ni 1/3 Mn 1/3 Co 1/3 ]0 2 


1-2 


10 


2. 1 


159 


^A|ojl 2 


L i [ N i i/ 3 Mn 1/3 - 0 , 02 Co 1/3 Mg 0 , 04 ]0 2 


1-2 


10 


2.7 


153 


^ ^1 oil 3 


Li [Ni 1/3 Mn 1/3 Co 1/3 _ 0 04 B 0 04 ]0 £ 


2-3 


10 


2.2 


157 


^A]oil 4 


Li [Ni 1/2 Mn 1/2 ]0 2 


0. 1-0.2 


1-20 


2.2 


149 


^ ^1 oil 5 


Li [Ni 2/5 Mn £/5 Co 1/5 ]0 2 


0.5-1 


10 


2.3 


156 


«1 JH oil 1 


Li [Ni 1/3 Mn 1/3 Co 1/3 ]0 2 


1-2 


1-15 


2.0 


160 



38-21 



*\ oil i 3 ofl ujefl ^+€ol W5q&## ^ ^ ?JM. 

<69> AJ A] ofl 6 

<70> s-u] Li / (Ni+Mn+Co) =1.027\ 5]^^- ^r^J-S^H^ M ^S^^-SlfH ^thr^s}^ 

^ Li[Ni 1/ 3Mn 1/3 Co 1/3 ]02# t, 1 "^ ^ Jl ^°]^ ^l^^S^K 

<71> ^3 A] ofl 7 

<72> 7] P H# 1 1 . Oofl A-| 11.2^ ^^t> 3}# ^il^ A] A] o^lll?]- s-^*> ^^.2. 

^ °o^M^ ^ Li[Ni 1/3 Mn 1/3 Co 1 /3]0 2 # ^ ^ Jl ^1^1 «_>^^^1# 

<73> Aj A] ofl 8 

<74> A| Al^llHf A] A] 7^1 A^ ^o|^l Z>Z> A -2} S^l *>SJ# A : B}^ 

# 8:2^ ^tJ"^ ^^l^lf^^. A^r^}<£^ , ^ A] ^1^4 ^^-^ ^°]tj-°l 

<75> AJ A] ofl 9 

<76> %^ TJ <-}^} , ^ %^>^^H ^rV}7\ 1:1:1^ 3M ^S.^ 
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15^1 7> Tj^. qaj^fE ^-^^r^s}^-^ #«1 Li/ (Ni+Co) =1.027} =lS.^- 

^r^>S]-^## ^ #^-ol ^tJ-opi|u+. 2°c/min ^r^S 7} 

<!t> ^ 450-600 °C oil ^ 5X|7> Tr^A]^ of) ul # ^*}S|_5.nl . ^ o] 1000°C°11>H 

10^7} ^^A]?] * 700°C V\A 10A1 7} o^ig 7T}rr| 2°C/min^ UjzjAl?!^- 
iiS °o^##^ Li [Ni 4/5 Co 1/5 ]0 2 # ^SJc}. ^o]^^ HV^ ^ xl^- aj A ] 0^11174 itjo. h> 

<77> ^3 AlofllQ 

<78> A] A] o^liz?]- ^Aloflgoll^ ^o|^l Zl-Zl- AS} BS. S. M ^>Sl#tffl A : B °] «1 # 

<79> Aj AjoflU 

<so> ^Aloflinf ^-o] M^^^l^^H ^•ts 1 "^r^>Sl-§# tHj <>}Jl #«1 

Li = / (Ni+Co+Mn) -1 .027J- S]^^- LiFVf LiOH • H 2 0S\ %-^7>} ^c}. oj^Tfl ^ o| Xj 

2°C/min 1^^- ^r^S. 7} f if> * 450~600°cofl^ 5 A] 7J °-^}X\^ o\]n] 
# ^^IS!.^ . ^| ol o| 1000°coll>| 10A|7J A] ?1 * 700°C7l-7.1 10X17J 

cH^^^Jl, 2°C/min^ ^ ^ ° 0 >^-##^ ^-^ 

Li [N i i/ 3 Mn 0 _ 2 9 33 Co i/ 3 Mg 0 _ 04 ] 0 { _ 92 F 0 08 # XI ^^SM - 

<81> AJ A] ofl 7 Lfl x] llOl]^ 711 ^-^^4 «1 jil Oil 1<H1 ^ 711^=1 °o^#^- 
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<82> 2] 







) 




(g/cm 3 ) 


5th^3^ 
(mAh/g) 


A 

A 


D 


-^Aj^l 7 


Li [Ni 1/3 Mn 1/3 Co 1/3 ]0 

2 


5-8 




100 


2.0 


160 


^Aldl 8 


Li [Ni 1/ 3Mn 1/3 Co 1/3 ]0 

2 


5-8 


80 


20 


2. 1 


159 


-^Alc^l g 


Li [Ni 4/5 Co 1/5 ]0 £ 


5-10 




100 


2.4 


180 




Li [Ni 4/5 Co 1/5 ]0 £ 


5-10 


80 


20 


2.2 


172 


AJ A] 0^1 11 


Li [Ni 1/3 Mn 0 £933 Co 1/3 
Mgo.04^1 .92^0.08 


10 




100 


2.6 


157 


ylnc^i i 


Li [Ni 1/3 Mn 1/3 Co 1/3 ]0 

2 


1-10 


100 




2.1 


160 



<83> ^ A] o]}ll>} ^A] o^l8# UI^ct} 1 ^ ^^S-^f ^^-g-^ofl 31 °\ M ^ 

a^M". €^l^lKLi[Ni 1/3 Mn 1/3 Co 1/3 ]0 2 ) ^ ^ AHj 10 (Li [Ni 1/3 Mn 1/3 Co 1/3 

]0 2 + Li [Ni4 / 5Co 1/5 ]0 2 )# Ul^lcT^ , ^S-S. #7}u]-StJl. ^1 , 5^>°1 ^ ^ H o V ^-§- 
^ol 159mAh/gofl^ 172mAh/g^ #7^>^## ^ ^ °Xr\ . , JZ-§-^ *fl^°] 

Li[Ni 4/ 5Co 1/5 ]0 2 l- A>-g-^^# ufl 0 0 ^#M^ -g-^o| #7^# ^91^ t - 
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<84> S.10a vfl^l c^- ^Ulofllofl^ Tfl^s] cg^-m^Moj %.*g*\o\] u}=. dQ/dV 

(5.9)°fl>H 3>1 ^ ^1^-21 XANES(X-ray absorption near edge structure) ^ 
^olc^-. Ni. Co ^ Mn^ K-edge^S] ^VS]-^^ tfjs]-^. ^ ^-^1-1^. Ni°] K-edge^l 

^-f, 2 + <H|-*l 4+^ #^ ^ °l^-=l^r ^o] Co^ K-edge^- <U^7\ 

4.5Vol-y-ofl^ 3 + °\\ M 4 + ^, Un°] K-edgeS] ^-"f^- 4+^. JL^^\^ ^# »°Jt ^ Si 

4+)^.^ M^M^ ^^i^ol ^fll" efl^*> ^ SJ## ol^i*> °c} J 3^r MM 

<85> a. Mj-igoj el-g-o] x}^^-g- o>^~.^i o. Jl#-^, s-ol 



38-25 



i^^-m i] 

^#<>l*Hi*l °o^##^ Li 1+8 [Ni x Mn x _ y/2 Co 1 _ 2x - z M y N z ]0 2 _ a P a ^ 
Li 1+8 [^ix^ n x+y^°l-2 (x+y) ^y^2-a^ a (M = Mg , Zn , Ca, Sr , Cu, Zr, N = Fe , Al , Ga, 
In, Cr. Ge. Sn . P = F. S. -1/10< 6 <1/10. 0<x<l. 0<y<l/10. 0<z<l/10. 
0<a<0.3)°l ^1^ 0 >«H1 gj ^ A] , ^ 3^-2(1. °JS^o^-§-1 ^ ^71^3 -g-°-3}# 

Xl 1 ^o\]M, ^ ^^n^- 2# olA>^ ^^v^j=. ^-g-ofl # 

[^n 2 -^ 1 - 3] 

Xl 2 t>o11 A] , 4>7l ° 0 ^ilo[ ^-§-<^ ^r^ir ^ ^-g-°^ 0.2 0.3 

°] ^# ^^.S. ^ el#ol^^^l o o >^-##^ Xl^>^ . 
[^n 2 -^ 4] 
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[^n 2 -^ 5] 

^11 1 %>o1]^, ^7} <g 7} ^ -§-<^-g- P H 11.0 U\7,} 11.57} =1^^- -f-^H^- 5J# 
6] 

Xl 1 *&df[M. ^7] ^ #^-^^-ta V ^>Sfw# ^^r ^TlHl^ U^lol^^l^. 
l^^} 7] 

Z[^o]^7] °o>^-#^-^ Xl3:°11 ^-g-S]^- «h§-7Hl 2]^^7fl7l- ^ ^ 

7fl^^.^ ^Ml^lJZ, yfl# (baffle) ol ufl^H} 3J# S-^fi^ 

y\ . 

[^n 2 -^ 1 - 8] 

XI 7 %>o11^, 4>7l ufl#^- 37fl o] 5J# ^.2.^. ^ «h§-7l . 

[^^-^ 9] 

Xl 1 XI 6 # t> 711^^ o^^ Xl^ e1#oi^7;l 

[^n 2 -^ 10] 

XI 9 tM|>H. 17\\<&7,\9\ oj^o] 0.1~2/mo1 JZ . 27;}°j7^ ^^-^j^oj lOwnOln}. 
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11] 

XI 9 ^SMI-H. 2.0, J S:5}7\^ 4.0, ^_>5}7}^- 3.0?] 

[^^1 12] 

xi 9 ^ , °o^ttii^ ^l^-^^oi *J-°. ^-a-tJ^sm B# ^7}^. 

a^o]i- ^# ^-^^.^ o>i- &|#ol^^l « 0 >^-#§^. 
13] 

90%ol cy]oi# ^J_°^. ^ ^#ol^^l C ^^#^"H . 
[^t:)- 14] 

15] 

7iM- = LiNi 1 _ x _ y Co x M y 0 2 P z (M - Al . Mg, Zr, Ti . P = F. S. X<0.1, 0<y<0.1. 0<z 
< 0.1)^ S^l^^r ^2.^. ^ Bm°l7,]^ 7l ° 0 ^»§^. 
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3EL|0h S^NH.OH) 



SJI£J s^(NaOH) 




a* 



IS (Baffle) 
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Aldl 



[.V. 4] 



4. ft 
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200 
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so 
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0 
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4! A| Dfl 1 
£JA|0l2 
£JA|D|3 



4 6 
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[.V. 6] 
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200 
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[5. 10a] 
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I L| XI (eV) 
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10b] 




38- 



[.V. 10c] 
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